Abstract Present and future research into the electroproduction of kaons plays an important role at Mainz Microtron MAMI. With the Kaos spectrometer employed for kaon detection in the multi-spectrometer facility, cross section measurements of the exclusive p(e, e K + )Λ, Σ 0 reactions at low momentum transfers have been performed. Isobar and Regge-plus-resonance models were compared with the data. These measurements have clearly discriminated between effective Lagrangian models for photo-and electroproduction of strangeness. New experiments with polarized beam at low four-momentum transfer are addressing the imaginary part of the longitudinal-transverse response in this process, that can be separated by flipping the beam electron helicity. These studies are important for the understanding of basic coupling constants in the isobar models and the electromagnetic form factors of the hadrons and their resonances involved in the process.
Introduction
To gain insight into the structure of hadrons it is important to study their excitation states. Resonances in the spectrum of nucleonic excitations reflect its internal structure. Information about these nucleon resonances are provided by experiments of photo-or electroproduction performed at electron accelerators worldwide, e.g. CEBAF at Jefferson Lab in the US, or MAMI and ELSA in Germany. At the Mainz Microtron MAMI research into electroproduction reactions that involve strangeness in the final state plays an important role. The presence of a strange quark pair ss in the reaction dynamics in addition to the up and down quarks can foster the understanding of the spectrum and dynamics of hadrons. In the elementary kaon electroproduction reaction the virtual photon cross section for a longitudinal polarized electron beam described by helicity eigenstates h = ±1, unpolarized target and unobserved spin degree-of-freedom in the final state can be cast into the form:
where σ i are structure functions with i = T , L, and T T representing the transverse, longitudinal, and transverse-transverse term, while LT and LT describe transverse-longitudinal interferences. The kaon angular differential cross section is determined in the hadronic center-of-mass system (c.m.) of virtual photon and target.
Unpolarized kaon photo-and electroproduction measurements with high statistics have been performed at Jefferson Lab [1] [2] [3] [4] [5] , where also a first polarized measurement was done with the CLAS spectrometer [6] . This spectrometer could access a kinematic region of four-momentum transfers to the proton Q 2 > 0.5 (GeV/c) 2 which is complemented by the measurements at MAMI.
Experimental setup and data analysis
The Mainz Microtron MAMI provides a continuous-wave electron beam with energies up to 1.6 GeV with a very small halo and good energy definition. Kaon electroproduction experiments at MAMI were performed at the multi-spectrometer set-up of the A1 Collaboration [7] with a beam of 1.507 GeV energy delivered on a liquid hydrogen target with a length of 5 cm. For the detection of the electron, high-resolution Spectrometer B with a solid angle acceptance of 5.6 msr and a momentum acceptance of 15 % was used. Kaons were detected in the Kaos spectrometer positioned at an angle of around 38
• , whose performance has been discussed in detail elsewhere [8] .
With this set-up unpolarized cross section measurements of the exclusive p(e, e K + )Λ, Σ 0 electroproduction reactions were performed in the kinematic region of low four-momentum transfers [9] [10] . In these proceedings the first measurement of a polarization observable in kaon electroproduction at MAMI is described. This experiment used Spectrometer B at an in-plane angle of only 14
• and an out-of-plane angle of 10
• , leading to angles φ ≈ 40
• between the electron-scattering and hadronproduction plane, and used a spin-polarized electron beam in which the electron helicity state h was flipped once per second.
The [11, 12] ; "Kaon-Maid original" refers to the original Kaon-Maid model [13] ; in "Kaon-Maid reduced" the longitudinal couplings to the nucleon resonances were removed; and "Saclay-Lyon A" is yet another isobar model using a different set of nucleon resonances [14] .
dipole magnetic spectrometer for a two-arm coincidence measurement of the scattered electron with recoiling target electron from a magnetized iron target foil.
The data analysis used the same technique that was reported earlier [9] . For the polarized electroproduction measurements the Kaos spectrometer was modified to improve the particle identification power: (i) the distance between scintillator walls was chosen to satisfy ∆L > 1 m; (ii) a new aerogel Cherenkov detector was installed for pion and positron suppression; (iii) a new FPGA-based trigger was implemented; and (iv) a new tracking code was developed to handle higher beam currents. Kaon candidates were selected by measurements of energy-loss and flight-time in the Kaos spectrometer, see Fig. 1 , and the (e K + ) reaction was identified by the coincidence time measurement between the two spectrometers with a resolution of ∼1 ns. The spectroscopy of kaons and electrons allowed the reconstruction of the undetected hyperon, and consequently, the separation of the K + Λ and K + Σ 0 reaction channels. After background subtraction a total yield of N K + Λ ∼ 1 500 pairs in the Λ hyperon channel were identified. Fig. 2 shows the preliminary asymmetry A exp · P beam = (N + − N − )/(N + + N − ) determined from positive and negative beam helicity states.
Discussion of cross sections and beam helicity asymmetry
In these experiments the proton was probed in its third resonance region at energies of W = 1.6-1.7 GeV and the unpolarized cross sections were taken at low four-momentum transfers Q 2 = 0.03-0.055 (GeV/c) 2 . With Q 2 being a measure of the photon's virtuality, these experiments used almost real photons, although with a relatively large degree of transverse linear polarization = 0.4-0.5. Longitudinal and longitudinal-transverse interference terms are strongly suppressed in the total cross section by the small value of Q 2 /ω 2 with ω ∼ 1-1.2 GeV as the photon's energy. With the virtual photons partially linearly polarized, the electroproduction cross section at low Q 2 complements the unpolarized photoproduction cross section. Those phenomenological models developed for kaon photoproduction in which the contribution of longitudinal structure functions in the models is small are in agreement with the data. The first experiments showed that the Q 2 dependence of the cross section is flat. However, the separation of structure functions in this region remained desirable. In the latest experiment at be accessed through the helicity asymmetry:
This structure function can be constructed from the imaginary part of the longitudinal-transverse response in this process and is sensitive to the interferences between resonant and non-resonant amplitudes in the probed energy region around 1.725 GeV. Theoretically the elementary process for K + Λ production on the proton can be described by utilizing isobar models. The background terms of such models consist of s-, t-, and u-channel Born terms and kaon and hyperon resonances. Model predictions for the unpolarized and polarized structure function are available from variants of the Kaon-Maid model [13] and from the Saclay-Lyon [14] and Regge-plus-resonance [11, 12] 
